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Abstract
Sepsis is one of the leading causes of death in hospitals worldwide. Even with optimal therapy,
severe sepsis results in 50% mortality, indicating variability in the response of individuals towards
treatment. We hypothesize that the presence of pre-existing antibodies present in the blood before
the onset of sepsis induced by cecal ligation and puncture (CLP) in mice, accounts for the
differences in their survival. A Plasma Enhanced Killing (PEK) assay was performed to calculate
the PEK capacity of plasma i.e. the ability of plasma to augment PMN killing of bacteria. PEK
was calculated as PEK= (1/log (N)) × 100; where N= number of surviving bacteria; a higher PEK
indicated better bacterial killing. A range of PEK in plasma collected from mice prior to CLP was
observed, documenting individual differences in bacterial killing capacity. Mortality was predicted
based on plasma IL-6 levels at 24 hr post CLP. Mice predicted to die (Die-P) had a lower PEK
(<14) and higher peritoneal bacterial counts 24 hr post sepsis compared to those predicted to live
(Live-P) with a PEK>16. Mice with PEK<14 were 3.1 times more likely to die compared to the
PEK>16 group. To understand the mechanism of defense conferred by the pre-existing antibodies,
binding of IgM or IgG to enteric bacteria was documented by flow cytometry. To determine the
relative contribution of IgM or IgG, the immunoglobulins were specifically immuno-depleted
from the naïve plasma samples and the PEK of the depleted plasma measured. Compared to naïve
plasma, depletion of IgM had no effect on the PEK. However, depletion of IgG increased PEK
suggesting that an inhibitory IgG binds to antigenic sites on bacteria preventing optimal
opsonization of the bacteria. These data demonstrate that prior to CLP; circulating inhibitory IgG
antibodies exist that prevent bacterial killing by PMNs in a CLP model of sepsis.

Introduction
In the United States, sepsis is the second-leading cause of death in non-coronary ICU
patients, and the tenth-most common cause of death overall; according to data from the
Centers for Disease Control and Prevention. Sepsis is common and also more dangerous in
elderly, immunocompromised, and critically ill patients. It occurs in 1–2% of all
hospitalizations and accounts for as much as 25% of intensive-care unit (ICU) bed
utilization (1) (2). It is a major cause of death in ICUs worldwide, with mortality rates that
range from 20% for sepsis to 40% for severe sepsis to >60% for septic shock (2–4). There
are approximately 750,000 new sepsis cases each year, with at least 210,000 fatalities (5).
The economic burden for the medical care has been estimated at 16.7 billion dollars
annually (5) and is increasing. As medicine becomes more aggressive, with invasive
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procedures and immunosuppression; the incidence of sepsis is likely to continue to increase
(3). The National Center for Health Statistics stated that from 2000 to 2007, the rate of
hospitalization for septicemia or sepsis for persons aged 65–74 years increased 57%, from
6.5 per 1,000 to 10.2 indicating that there has not been much progress achieved in the
treatment of sepsis (6).

Though Gram negative bacteria were initially thought to be the predominant organism
responsible for sepsis (7), current studies increasingly indicate that Gram positive bacteria
and fungal organisms are also common causes of sepsis (8). Acute respiratory failure, shock,
acute renal failure, coagulopathy and multiple organ failure are some of the causes of
mortality in septic patients (8, 9).

The cecal ligation and puncture (CLP) model of sepsis induces bacterial peritonitis thereby
reproducing the complex immune response of sepsis similar to that with patients in ICU
(10). In the murine model of sepsis, the first 5 days following CLP is defined as the acute
phase while day 6–28 is defined as the chronic phase of sepsis in our laboratory (11). Mice
which die during the early or acute phase of sepsis have an increase in body weight as well
as increased plasma IL-6 levels indicating activation of the immune system (12). Both pro-
inflammatory and anti-inflammatory cytokines have been shown to be elevated during this
early or acute phase (13) and chronic sepsis is also characterized by an individualized
inflammatory response (14). Neutrophil recruitment to the site of infection serves as a
critical immune response for host survival (15).

It may be argued that septic patients die as a result of immunosuppression and failure to
control bacterial growth rather than immunostimulation. This leads to the crucial question of
understanding the mechanism for bacterial killing during the septic response. An inadequate
host immune system that results in poor bacterial killing would represent a completely
different mechanism of death compared to excessive inflammation. The present study
attempts to decipher the mechanism by which some individuals die and others live while
combating the same bacterial infection. We hypothesize that those mice that survive cecal
ligation and puncture induced sepsis have pre-existing antibodies which opsonize and kill
bacteria more efficiently.

Methods
Animals

Adult female ICR mice (from Harlan-Sprague Dawley, Inc., Indianapolis, IN) were used.
Mice were acclimatized to our housing room for at least 5 days before surgery. This was a
temperature controlled room with 12 hours light- 12 hours dark diurnal cycle. They were
provided food and water ad libitum for the entire duration of the experiment. The
experiments were approved by Boston University Animal Care and Use Committee.

Sepsis Model
Cecal ligation and puncture which results in bacterial peritonitis was performed as first
described (8) with some modifications (10). Briefly, under isoflurane anesthesia (5%
induction followed by 3% for maintenance during surgery) a midline abdominal incision
was performed through the skin and then through the linea alba. The cecum was exposed
through the incision and ligated with 3-0 silk below the ileocecal valve; approximately two-
thirds from the distal end of the cecum was ligated and then double punctured with a 16
gauge needle to induce sub-lethal sepsis. The double puncture involves piercing
longitudinally from the distal tip of the cecum to the lateral wall of the cecum under the
suture line followed by squeezing out some cecal content on both sides. The abdominal
muscles were sutured with silk, and wound glue (Nexaband-Veterinary Products
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Laboratories, Phoenix, Az) was used to close the skin. Mice were resuscitated with 1 ml of
warm (37× C) normal saline with buprenorphine (0.05 mg/kg) injected subcutaneously.
Antibiotic treatment with 25 mg/kg imipenem (Merck, West Point, PA) was started 2 hours
after surgery and continued every 12 hours for the first 5 days. Pain control was assured for
the first 2 days post CLP with buprenorphine every 12 hours. The mice that were sacrificed
at 24 hours received ketamine anesthesia and cervical dislocation was performed.

Sample collection
For the Plasma Enhanced Killing (PEK) assay, 50 μl of blood was collected twice from the
facial vein with an interval of 3 days between the blood draws. The blood was diluted to 50
% using saline with heparin (100 μl heparin per 1 mL of saline), centrifuged for 5 minutes at
1000 × g at 4°C and the plasma from both collections were stored at −20°C till further
analysis was done. At 6 and 24 hours post CLP, 20 μl of blood was collected from the facial
vein followed by aspiration using a pipette and an EDTA (169 mM tripotassium salt) rinsed
tip. The blood was diluted 1/10 in PBS with 1/50 EDTA, centrifuged for 5 min at 1000 × g
at 4°C and the plasma IL-6 was measured by ELISA. For all endpoint sampling, blood was
collected from the retro-orbital venous plexus. The peritoneal cavity was opened after
sacrifice and washed with 1 ml of Hanks Balanced Salt Solution (HBSS) containing 50 mM
EDTA and then a second time with 25 ml of the same solution. A portion of the first lavage
fluid was used for microbiology cultures and the rest was centrifuged. For thioglycollate
elicited neutrophils, the peritoneal cavity was washed with a total of 5 ml of HBSS.

Plasma Enhanced Killing (PEK) Assay
This assay was performed using thioglycollate elicited neutrophils, and enteric bacteria from
a normal mouse, so that the cells and bacteria were consistent. The only assay variable was
the source of the plasma, which came from individual mice. Thioglycollate was injected
intra-peritoneally into a naïve mouse and cells recovered 4–6 hours later by peritoneal
lavage using warm (37°C) HBSS. Red blood cells were lyzed with 3 ml of ACK lysis buffer
(Invitrogen) and cells were resuspended in HBSS and counted using Beckman-Coulter
particle counter model ZF (Coulter Electronics, Hialeah, FL). Bacteria were collected by
excising and homogenizing the cecum (Brinkmann, Polytron PT 3000). The bacteria were
resuspended in HBSS and quantified using the McFarland standard with measurement at
565 nm. The colony forming units (CFU) were verified by plating aliquots. To perform the
plasma enhanced killing (PEK) assay, 50μl of plasma (previously diluted to 50%) from an
individual mouse was incubated with an equal volume of bacteria (1.75 × 105 CFU) at 37°C
with continuous shaking for 30 minutes to opsonize the bacteria. The opsonization process
was stopped by placing this mixture on ice for 1 hour. The thioglycollate elicited neutrophils
(1.75 × 104) were mixed with the opsonized bacteria and incubated in a 37°C shaker for 1
hour. The mixture was plated on blood agar plates (Fisher Scientific) in duplicates. Plates
were incubated at 37° C in aerobic or anaerobic conditions for 24 hours and then read. The
number of residual bacteria was determined. PEK was calculated by the following equation:

Where N = number of recovered bacteria. A lower number of recovered bacteria meant
better bacterial killing which in turn lead to a higher PEK value. To state this more directly,
a higher PEK number indicated better killing.

Depletion of IgG/IgM
Immuno 96 microwell plates (Nunc plates) were coated with goat anti-mouse IgM or goat
anti-mouse IgG antibody (Bethyl Laboratories, diluted 1:400) and kept overnight at 4°C.
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The plates were blocked for 1 hour the next day in Casein blocking buffer followed by
washing the plate in a Biotek (EL×405) microplate washer containing a wash buffer (PBS
with 0.05% Tween-20) to remove the unbound antibodies. 50–100 μl of undiluted naïve
plasma were added in each well and the plates were kept on a shaker at room temperature
for 3 hrs. The supernatant containing IgG or IgM depleted plasma was collected and stored
at −20°C for further use. Depletion was confirmed by ELISA of depleted plasma compared
to that of the intact plasma.

Flow cytometry
Cecal bacteria corresponding to 1.0 McFarland Standard (3×108 CFU) were opsonized with
50% plasma as described above. The opsonized bacteria were washed twice with 0.5% BSA
in HBSS and resuspended in 150 μl of FACS buffer (0.5% BSA in HBSS). The resulting
bacteria were stained using 1.5 μl of phycoerythrin (PE) conjugated anti-mouse IgM
antibody or 2μl of fluorescein isothiocyanate (FITC) conjugated anti-mouse IgG antibody
(BD Pharmingen) and incubated at 4°C for 45 minutes in dark. PE conjugated Rat IgG2a,κ
and FITC conjugated Rat IgG1,κ (BD Pharmingen) were used as isotype controls. Following
incubation, the stained bacteria were washed twice and then fixed with 2%
paraformaldehyde and analyzed by flow cytometry using a FACS Calibur (BD).

Peritoneal bacterial cultures after cecal ligation and puncture
The peritoneal lavage fluid collected 24 hours post CLP was cultured on 5% sheep blood
agar plates. Plates were incubated at 37° C in aerobic or anaerobic conditions for 16 hours
and then they were read and the number of CFU was determined.

ELISA
Plasma levels of IL-6 were determined according to a protocol already published by our
laboratory (16). IgM and IgG ELISA were performed to look for total levels of IgM and IgG
before and after depletion of the naïve plasma.

Statistical analysis
Statistics were performed using the computer program Prism 5 (GraphPad Software, San
Diego, CA). For survival, the log rank survival was performed with a 95% confidence
interval. The chi-square test was used to calculate the odds ratio. One-way ANOVA
followed by Dunnett’s Multiple Comparison Test or Newman-Keuls was used to compare
multiple groups. When two groups were considered, an unpaired Student t test was used.
Paired Student t test was performed to evaluate the change in PEK value before and after
IgM/IgG depletion. P value <0.05 was considered statistically significant.

RESULTS
Differential mortality rate following CLP in mice

All mice undergoing CLP were age and sex matched, had the same surgical procedure
performed and identical antibiotic and fluid therapy for post surgery monitoring. Even with
this consistent CLP protocol not all mice died indicating variability in the septic response.
Similar to previous reports, 65% mortality was observed during the acute phase of sepsis
(Fig. 1A). Our laboratory and others have established plasma IL-6 as a biomarker of sepsis
mortality in mice undergoing CLP (17) (18, 19). At 24 hr post CLP, 20 μl of blood was
drawn from the facial vein and plasma IL-6 measured. Facial vein bleeding does not affect
the overall health of the animal (13). We verified that plasma IL-6 will predict mortality by
following the mice for 7 days post CLP. Since day 5 post CLP marks the end of the acute
phase, the plasma IL-6 levels were matched to the actual status (alive or dead) of the animal
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on day 5 (Fig. 1B). Two discrete IL-6 levels were determined in order to optimize sensitivity
and specificity. A Receiver Operator Characteristic (ROC) curve at 24 hours indicated that
plasma IL-6 levels < 1.7 ng/ml provided 100% sensitivity for the mice which were alive at
day 5 post CLP and levels > 12.6 ng/ml provided 100% specificity (Fig. 1C) similar to our
previously published results (20). A Kaplan-Meier survival curve dividing mice into 2
groups based on these discrimination values showed approximately 85% survival with IL-6
< 1.7 ng/ml and less than 20% survival with IL-6 >12.6 ng/ml (Fig. 1D). For several
experiments where the mice needed to be sacrificed, the outcome was predicted based on the
plasma IL-6 at 24 hour post CLP. Mice having IL-6 < 1.6 ng/ml and those having IL-6
>12.6 ng/ml were categorized as Live-Predicted (Live-P) and Die-Predicted (Die-P)
respectively. As shown in figure 1, individual mice responded differently to CLP mediated
sepsis. Plasma IL-6 accurately predicts mortality only for the first 5 days following CLP;
therefore survival was followed for the acute phase instead of 28 days.

Plasma antibody binds to enteric bacteria and augments phagocytic killing
The CLP model mimics the clinical scenario where even with optimal treatment some
patients expire while others survive (21). The murine studies have a relatively homogeneous
cohort where the mice are all the same age, weight, gender and have the same fluid and
antibiotic regime post surgery. Our hypothesis for the variation in the response to a uniform
septic challenge may be the presence of a pre-existing “factor” present in the plasma of mice
which functions differently between different mice.

We sought to determine whether plasma samples obtained prior to CLP would have a
difference in the capacity to enhance neutrophil killing of enteric bacteria. To explore this
further a Plasma Enhanced Killing (PEK) assay was developed as described in the methods.
This assay quantifies the killing capacity of the naïve plasma. Plasma without bacteria did
not show any bacterial growth, indicating that our blood collection technique did not result
in contaminated plasma (Fig 2A). The initial inoculum of bacteria at the start of the assay
was same for all the samples tested, i.e. 1×105 CFU and was called CFU (initial). Bacteria
are known to have a doubling time of about 20 minutes (22), the bacterial count obtained at
the end of the assay should be approximately 1×107 CFU which was verified in the assay
(Fig 2A). We called this bacterial count as CFU (final). The assay should be able to test
whether plasma alone can kill bacteria or the presence of neutrophils augments bacterial
killing by plasma. Plasma alone plus bacteria did slightly reduce the number of CFUs, but
neutrophils alone plus bacteria had essentially no impact on bacterial growth (Fig. 2B). The
complete assay for bacterial killing includes neutrophils, bacteria and plasma and the
individual plasma samples showed a wide range in the ability of the plasma to enhance
killing of the bacteria by neutrophils. Once the assay was established we calculated an assay
number to clearly communicate the results. The PEK assay number was calculated as PEK=
(1/log (N)) × 100, where N = number of recovered bacteria. With this assay, a higher PEK
number means better bacterial killing by the plasma. As observed in figure 2C, plasma from
individual mice showed a range enhancement of bacterial killing. The next experiments
examined whether the ability of plasma to kill bacteria, as determined by the PEK numbers,
served as a mechanism for better sepsis survival after CLP.

Plasma enhanced killing predicts survival in CLP model of sepsis
Plasma was obtained from the facial vein 3–4 days prior to CLP to use for the PEK assay. It
is important to note that the PEK value was determined using plasma samples obtained prior
to CLP, i.e. before the onset of sepsis. The first study tested whether CLP survivors had
higher PEK numbers compared to non-survivors. We observed that mice that were alive at
day 5 post CLP have a significantly higher PEK capacity of their naïve plasma compared to
those mice which were dead by day 5 post CLP (Fig. 3A). To rigorously test whether PEK
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predicts survival, a ROC curve analysis was established (Fig. 3B). The Area Under the
Curve (AUC) is a measure of the robustness of the predictive value of a test. The AUC in
figure 3B is 0.96 making it an excellent predictor of CLP induced sepsis mortality. The pre-
CLP plasma showed PEK levels >16.5 provided 100% sensitivity for the mice which were
alive at day 5 post CLP and levels < 14 provided 100% specificity (Fig. 3C). A Kaplan-
Meier survival curve with the PEK cutoffs showed that mice with a PEK <14 of their naïve
plasma had a significantly higher mortality rate during acute phase of sepsis (Fig. 3C,
p<0.003 high vs. low PEK by log-rank test). Further confirmation of the ability of the PEK
assay to predict outcome was assessed by calculating the odds ratios. Mice having PEK < 14
had a relative risk of sepsis mortality that was 3.1 times greater than mice with a PEK > 16.5
(95% confidence interval: 1.3 to 7.0, data not shown). Though PEK <14 and PEK>16.5
appear to have a narrow range, upon looking at the CFU’s of the recovered bacteria from the
PEK assay, we observed that PEK < 14 had CFUs in the order of 107 or higher while PEK
>16.5 were in the order of 105 or lower thereby indicating a minimum of 2 log difference
between the survivors and non-survivors. A subset of mice undergoing CLP were sacrificed
at 24 hours and their predicted mortality calculated based on plasma IL-6 levels. Those mice
predicted to live had significantly higher PEK values. (Fig. 3D)

The mice sacrificed 24 hours after CLP had the number of bacteria in the peritoneal lavage
fluid determined. Figure 4 demonstrates that mice with PEK >16.5 had a significantly lower
peritoneal CFU count post sepsis compared to those mice with PEK <14. Additionally, those
mice with a high PEK and increased numbers of recovered peritoneal bacteria were
predicted to die based on plasma IL-6 levels. Our CLP procedure involves giving antibiotics
(25 mg/kg Imipenem) for first 5 days following CLP (23). As a result of this dose and
duration of antibiotic therapy no blood bacteria are observed at 24 hr post CLP (23) (24).
However, this dose of antibiotics is not sufficient to eradicate bacteria in the peritoneal
cavity and hence we observe bacterial CFUs in the peritoneal lavage (15, 25). Thus, our data
showed Live-P mice had greater plasma enhanced killing of bacteria in vitro (i.e. high PEK)
and post CLP in vivo (i.e. low peritoneal CFU). A significant correlation (data not shown)
was observed between the PEK values and the peritoneal CFU.

Plasma IgG accounts for the differences in PEK values
Several reports have demonstrated the presence of natural antibodies in regulating
inflammation and in different diseases including cancer (26). Natural Immunoglobulin M
(IgM) has been known to provide immediate defense against systemic bacterial infection
(27). Our PEK assay results established the presence of a factor in the plasma which
augments bacterial killing in the presence of PMNs. The next experiments sought to further
characterize this factor. We first wanted to test whether pre-existing antibodies in the plasma
i.e. IgM and IgG are able to bind to enteric bacteria. Plasma was used to opsonize bacteria
and the opsonized bacteria were stained for bacterial bound mouse IgM or mouse IgG by
flow cytometry. The Mean Fluorescence Intensity (MFI) of the individual plasma samples
was higher than that of the isotype control indicating the presence of plasma IgM or IgG
which is able to bind to the enteric bacteria (Fig. 5A and B). Further, we observed that the
samples on an average had a three-fold increase in plasma IgG binding to enteric bacteria
compared to the isotype control.

Since, plasma IgM was able to bind to enteric bacteria, we wanted to explore if IgM was
responsible for differential PEK. PEK was measured for naïve, IgM depleted and IgG
depleted plasma on an individual basis. Upon IgM depletion there was a slight (1.5%)
decrease in the PEK (Fig 6A). Depletion of IgG however, improved the PEK significantly
(Fig. 6B) indicating that when IgG was depleted, there was better bacterial killing. For all
the plasma tested for PEK before and after IgG depletion, we observed that depletion of IgG
lead to an increase in PEK for every sample. A paired t-test confirmed that depletion of IgG
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resulted in a statistically significant increase in the PEK value. On an average, depletion of
plasma IgM had no effect on PEK but there was a significant increase in the PEK of IgG
depleted plasma compared to naïve or IgM depleted plasma (Fig. 6C). Depletion of IgM and
IgG was confirmed by ELISA (Fig. 6D and 6E respectively). We were further able to show
that depletion of IgM had no effect on the total IgG levels and vice-versa (data not shown).

DISCUSSION
Our results indicate the presence of an inhibitory IgG antibody in the plasma with
preferential binding affinity to those antigenic sites of the bacteria which would otherwise be
recognized by other plasma factors leading to its opsonization and killing. In mice which
die, the inhibitory IgG might prevent killing of bacteria leading to a low PEK. For the same
mouse, post CLP there is less clearance of bacteria and hence they have a higher peritoneal
CFU post sepsis. Our data suggest that mice which live post sepsis probably have lower
levels of the inhibitory IgG in their plasma. In classical scenario mice which live post CLP
might have decreased levels of the inhibitory IgG, in addition to other antibodies which kill
the bacteria. Mice which die would have an excess of blocking IgG which prevents the
killing the bacteria. Upon IgG depletion, the inhibitory IgG are removed rendering an
increase in bacterial killing thereby increasing the PEK. Our experiments suggest that
naturally occurring IgG and IgM play a critical role in mediating protection against bacterial
infection even before the onset of sepsis. This is consistent with previous findings showing
that mice which lack secreted IgM were more susceptible to CLP induced lethality (28).
Naturally occurring IgM antibodies have also been reported to be responsible for increased
ischemia/reperfusion injury (29) and bacterial clearance (30). Based on our results, it is
probable that enhanced opsonization of bacteria by the plasma would lead to bacterial
clearance. IVIG therapy has been shown to have an anti-inflammatory effect (31) and
improves lung injury in CLP mediated sepsis in rats (32). However, in all these studies
conducted so far the actual mechanism of improved survival has not been addressed. Based
on our hypothesis, it might be possible that antibodies used in these trials would overcome
the blocking IgG thereby increasing bacterial clearance and survival chances in sepsis.

A recent study illustrated the presence of blocking IgG that prevented killing of group B
meningococci by human sera (33), further strengthening the hypothesis that blocking
immunoglobulins plays a role in many other diseases including meningitis. This study
observed that the blocking IgG was directed against a meningococcal antigen H.8. They
were able to show that the Fc region of the IgG was required for its blocking activity, the
blocking procedure required glycosylation and that this blocking resulted from inhibition of
the classical complement pathway. These results extend back to the first of its kind of
experiment in 1894 when the phenomenon of blocking of bacterial killing was first observed
in animals given excess of immune serum.

To our knowledge, these data are the first to emphasize the presence of a strong repertoire of
pre-existing antibodies which have bactericidal killing capacity even before the onset of
bacterial peritonitis. Mice which survive are able to clear bacteria better as evidenced by the
PEK values in their naïve pre-CLP plasma as well as reduced peritoneal bacterial counts
after developing sepsis. We have identified naturally occurring blocking IgGs that prevent
bacterial killing which may be a possible mechanism of increased mortality in mice which
are susceptible to CLP. Our studies on depletion of IgM/IgG and its consequent PEK were
in vitro experiments. Total depletion of antibodies in vivo would lead to an immune
deficiency condition called agammaglobulinemia and would actually pre-dispose the host to
severe infections (34). Thus, this study were restricted to in vitro experiments.
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This paves the way for clinical studies in future whereby the PEK assay could serve as a
potential biomarker for predicting the outcome of normal healthy individuals upon sepsis
infection. Inhibiting these pre-existing antibodies which block bacterial opsonization and
killing can be exploited in future IVIG therapies.
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Abbreviations used in this paper

CLP cecal ligation and puncture

PEK plasma enhanced killing

Live-P predicted to live past day 5 post CLP

Die-P predicted to die in the first 5-days post CLP

CFU colony forming units

IgM/IgG Immunoglobulin M/G

ELISA enzyme linked immunosorbent assay
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Figure 1. Plasma IL-6 predicts mortality
(A) The CLP protocol results in 65% mortality during the first 5 days. None of the mice died
during the first 24 hours, such that plasma samples were available for each mouse. n= 22.
(B) Plasma IL-6 levels 24 hour post CLP were significantly higher in those mice that died. n
= 22–25 for each group, data were combined from 3 independent experiments. Results are
shown as mean ± SEM. (C) Receiver Operator Characteristic (ROC) curve to test for
specificity and sensitivity of 24 hour plasma IL-6 to predict outcome. The area under the
curve (AUC) has 100 % specificity (12.6 ng/ml) and 100% sensitivity (1.7 ng/ml) with AUC
close to 1 making it an excellent biomarker. (D) Survival curve for mice during the acute
phase of sepsis based on their plasma IL-6 cut offs. p = 0.0025 from Log-rank (Mantel-Cox)
Test. n= 11 for IL-6 <1.6 ng/ml and n=17 IL-6>12.7 ng/ml.
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Figure 2. Plasma Enhanced Killing (PEK) assay using naïve plasma
(A) Assay controls. The initial inoculum of bacteria was the number of bacteria combined
with the plasma (CFU initial). The actual CFUs were verified by culture. Plasma only shows
that no bacteria were present when plasma alone was cultured. The number of bacteria at the
end of the 2 hour assay (CFU final) showed a significant increase from the initial inoculum,
as expected. bdl = below detection level. (B) Plasma alone mixed with bacteria showed a
slight decrease in the number of CFUs compared to the CFU final. Neutrophils plus bacteria
shows that neutrophils alone had limited ability to kill bacteria. However, plasma + bacteria
+ PMNs showed a wide range in the capacity of the plasma from an individual mouse to
enhanced bacterial killing. (C) Data from panel B was re-graphed using the equation
described in methods. Each symbol is the result from an individual mouse. A higher PEK
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number indicates greater capacity to kill bacteria. Data cumulative of 3 independent
experiments. n= 22 for naïve plasma.
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Figure 3. Comparison of plasma enhanced killing sepsis mortality
(A) Mice alive after 5 days of CLP-induced sepsis had a much higher PEK capacity in
plasma samples obtained prior to the onset of sepsis. n= 18 for Live and 13 for Die group.
p<0.05 when compared to Live. Results are shown as mean ± SEM and each symbol is the
value for an individual mouse. Data are representative of 3 independent experiments. (B)
Receiver Operator Characteristic (ROC) curve to test for specificity and sensitivity of PEK
capacity of pre-procedure plasma. Area under the curve (AUC) represents 100 % specificity
(PEK<14) and 100% sensitivity (PEK >16). (C) Survival curve for mice during the acute
phase of sepsis based on their pre-CLP plasma PEK capacity discrimination values. p =
0.0025 from Log-rank (Mantel-Cox) test. n= 18 for PEK > 16 and n=13 PEK <14. (D) Mice
predicted to die based on plasma IL-6 levels had lower PEK values compared to mice
predicted to live. n= 9 and 7 for Live-P and Die-P respectively. Results are shown as box
and whiskers with 10–90 percentile range ± SEM. p<0.05 when compared to Live-P.
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Figure 4. Peritoneal bacteria in mice after sepsis
Mice were stratified into High PEK or Low PEK based on the PEK assay of the naïve
plasma. CLP were performed on these mice and the peritoneal lavage at 24 hour post CLP
was harvested. Mice with low PEK (PEK <14) value had greater bacterial counts compared
to those with high PEK (PEK >16). n= 9 and 7 for High PEK and Low PEK respectively
and are the same mice used in figure 3D. p<0.05 when compared to High PEK.
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Figure 5. Plasma IgM and IgG binds to enteric bacteria
Plasma was used to opsonize enteric bacteria and the opsonized bacteria were stained with
either PE anti–mouse IgM or FITC anti–mouse IgG. Isotype controls for IgM and IgG were
PE Rat IgG2a, κ and FITC Rat IgG1, κ respectively. (A) Plasma IgM binding to enteric
bacteria represented as a fold increase over isotype control. n = 8. (B) Plasma IgG binding of
enteric bacteria represented as a fold increase over isotype control. n = 7. Data are the
combined results of 3 independent experiments. p < 0.05 when compared to isotype control.
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Figure 6. Critical role of plasma IgG in determining PEK capacity
(A) PEK of IgM depleted plasma when compared to the naïve pre-CLP plasma. Each
symbol is an individual mouse comparing naïve and IgM depleted (IgM−) PEK values. (B)
Change in PEK of IgG depleted plasma when compared to the naïve pre-CLP plasma. Each
symbol is an individual mouse comparing naïve and IgG depleted (IgG−) PEK values. In
every sample, depletion of IgG increases the PEK numbers. (C) Depletion of IgM does not
change the PEK value, while depletion of IgG results in a significant increase. n=7 both
groups. p < 0.05 when compared to naive and IgG depleted plasma. (D) Plasma IgM levels
before and after depletion. (E) Plasma IgG levels before and after depletion.
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